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Abstract 
Polyurethane Foam (PUF) was used as inert supports in solid state fermentation (SSF) for cellulase production. The 
effects of PUF size and PUF weight percentage to solid substrates were investigated. When compared with the 
control without PUF，the maximal enzyme yields in batch fermentation were improved by 70.6% and 60.4% for 
Filter Paper Activity (FPA) and CMCase, respectively. With PUF, higher FPA and CMCase could be obtained even 
when the depth of the substrate was 1.5 times than that of the control which is conducted under optimal substrate 
depth without PUF. Moreover, a promising method for semi-continuous SSF was also tried to be developed by using 
adsorbed cells in PUF for several cycles. 
© 2010 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering 
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1. Introduction
Lignocellulose is the most abundant renewable carbon resource in the world and it is mainly 
composed of cellulose, hemicellulose and lignin. Cellulose could be converted into sugars through 
hydrolysis and then to produce organic acids [1], ethanol [2] and other chemicals [3]. Acids and cellulase 
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are commonly used for cellulose hydrolysis, and compared with chemical methods, enzymatic hydrolysis 
is more environmental friendly and more efficient. 
Solid state fermentation (SSF) is generally defined as the growth of microorganisms on moist solid 
supports, including inert carriers and insoluble substrates. SSF could offer some apparent economic and 
engineering advantages over the submerged fermentation (SmF), which include higher concentration of 
products, lower cost, simpler fermentation equipment, lower effluent generation as well as less waste 
output [4-5]. However, there are also several disadvantages of SSF, which have discouraged use of this 
technique for industrial production. The main obstructions are due mainly to the heat and mass transfer, 
especially when the bed depth is increased. To address the problem, Polyurethane Foam (PUF) had been 
used in SSF by impregnating PUF with liquid media [6-8]. In this work, PUF was also tried to be used, 
however it was mixed with solid substrates for cellulase production in SSF. The results showed that the 
application of PUF could dramatically improve the cellulase activity and the productivity when compared 
with the control without PUF. Moreover, the inert support of PUF could also immobilize cells, which 
could be reused in semi-continuous fermentation. 
2. Materials and Methods 
2.1. Microorganism, Culture Media and PUF 
The strain for cellulase production was Trichoderma Veride sp.3.2942, which was bought from 
Institute of Microorganism, Chinese Academy of Sciences (Beijing, China). The strains were cultured on 
potato dextrose agar (PDA) slants at 30℃ for 4-5 days when spores were formed and stored at 4℃. The 
spores were inoculated to a 500 ml shaking flask with 50 ml wheat bran juice, and cultivated at 30℃ and 
130 rpm for 24 h.  
The wheat bran juice was prepared as follows: 10 g wheat bran was submerged in 100 ml distilled 
water, heated to boiling, and kept boiling for 20 min. After cooling, the juice was filtered with pledget and 
diluted to 100 ml with distilled water. 
The rice husk of 80-mesh size was pretreated with 4% NaOH for 24 h at 30℃, then being washed by 
water until neutrality and dried at 80℃.
PUF of 40 PPI (aperture unit) was cut into cubes, and washed several times with warm water and 
dried for at 80℃ before use. 
2.2. Solid state fermentation 
30 g of  mixed solid substrates (consist of 9 g rice husk or crystalline cellulose and 21 g wheat bran) 
and PUF were mixed in a 500 ml beaker with 30ml mineral solution containing 1% (NH4)2SO4 , 0.3% 
KH2PO4, 0.05% CaCl2, and 0.05% MgSO4. The mixture was autoclaved for 40 min at 121℃, and cooled 
to room temperature before inoculation. The inoculation size was at ratio of 20% (v/w), and the 
fermentation was conducted at 30℃ in a 95% relative humidity chamber.  
2.3.  Enzyme assay 
After sampling, 1 g moldy medium (without PUF) was soaked in 20 ml acetate buffer of pH 4.8 to 
extract cellulase. The mixture was filtered and the filtrate was centrifuged at 4000 rpm for 20 min to 
remove spores. The resulting supernate solution in the centrifuge tube was analyzed for its cellulase 
activity. The final cellulase concentration was estimated for CMCase as well as FPA according to Ghose 
[9] recommendations. The enzyme concentration was expressed as International Unit (IU) which denotes 
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1µmol of glucose released per min of the hydrolysis reaction, whereas the enzyme activities were 
calculated for 1 g substrate dry matter.  
3.  Results and discussion 
3.1. Effect of PUF size 
Using 1 g different size of PUF mixed with rice husk and wheat bran as solid substrates, the maximal 
cellulase obtained was compared in Fig. 1. The results showed that when PUF size was increased from 
125 mm3 (B) to 2000 mm3 (E), FPA was firstly increased and then decreased. When PUF size was 500 
mm3 (C), the maximal FPA was 8.4 IU/gds and it was a little better than other PUF sizes for cellulase 
production. However PUF size showed little effects on CMCase when PUF size was increased from 125 
mm3 (B) to 1125 mm3 (D), and when PUF size was increased to 2000 mm3 (E), CMCase was decreased.  
Fig. 1 Effects of PUF size on FPA(a) and CMCase(b) in SSF for cellulase production  
A-control; B-555 mm3; C-10 105 mm3; D-15155 mm3; E-20 205 mm3
3.2. Effect of PUF weight percentage to solid substrates 
Effects of PUF weight percentage to solid substrates on cellulase fermentation were investigated. 
Cellulase activity of five samples with different PUF weight percentage was compared in Fig. 2. An 
increase of PUF weight percentage from 1.7% to 3.3% did not have much positive impacts on the 
production level, and the maximal cellulase production was obtained when PUF weight percentage was 
4.2%, under which the yield of FPA and CMCase was increased by 70.6% and 60.4%, respectively, when 
compared to the control without PUF. The cellulase activity was decreased when PUF weight percentage 
was increased to 5.0%, which may result from more loss of water in solid medium when more PUF was 
used. 
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Fig. 2 Effects of PUF weight percentage to solid substrates on FPA(a) and CMCase(b) in SSF for cellulase production  
3.3. Effect of depth of the substrate 
The depth of substrate is one of the most important factors which affect heat and mass transfer in 
solid state fermentation. With rice husk and wheat bran as solid substrates, five different depths of 
substrate for cellulase production with PUF were studied and compared with the control without PUF in 
Fig. 3. The results showed that the peak cellulase of FPA (9.3 IU/gds) and CMCase (32.0 IU/gds) was 
obtained when the depth was 30 mm for the fermentation without PUF. However, in the SSF with PUF 
the highest cellulase yield of FPA(11.2 IU/gds) and CMCase(50.7 IU/gds) was obtained at depth of 45 
mm. Compared with the solid state fermentation system without PUF, the highest cellulase yield in SSF 
with PUF increased by 20.4% (FPA) and 62.3% (CMCase). The results implied that the addition of PUF 
could increase cellulase productivity. After taking the contribution of PUF to the volume of the substrates 
into account, the highest cellulase yield based on the whole volume of the substrate in SSF with PUF is 
still 12.8% (FPA) and 48.5% (CMCase) higher than the system without PUF, which may result from 
improving oxygen transfer in solid matrix and benefiting the growth of microorganisms after the addition 
of PUF.  
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Fig. 3 Effects of depth of substrate on FPA (a) and CMCase (b) in SSF  
3.4. Recycling of fungal cell for semi-continuous production of cellulase 
The mouldy substrates had been tried to be used in solid state fermentation for multiple cycles of 
fermentation. The disadvantages of this method usually lied in: (1) If the substrates were washed before 
being reused to get the maximal harvest of the products, the damage to the cells would occur which would 
bring negative effects to following fermentation; (2) If the substrates were reused directly without any 
washing, the yields of the product would be reduced as some of the substrates was recycled for next batch 
of fermentation. In the fermentation process with PUF, the substrates will be adsorbed to the PUF and the 
mycelia of the fungi will grow in the pores of the PUF. In our study, when the maximal yield of celluase 
was obtained, the PUF adsorbed with cells was separated from the solid substrate and tried to be reused in 
the fresh substrates for semi-continuous fermentation (Fig. 4). In the substrates composed of wheat bran 
and rice husks, after 3 days fermentation in first cycle, the maximal FPA and CMCase reached to 10.6 
IU/gds and 38.2IU/gds; however, a little decrease in maximal cellulase production (FPA 9.2IU/gds, 
CMCase 35.5IU/gds) during the second cycle. In addition, during third cycle, a similar decrease in FPA 
was also observed, but the CMCase increased by 13.9%. When using crystalline cellulose and wheat bran 
as substrates, the decrease of FPA was also observed in the following two cycles, however, the CMCase 
increased by 51.1% in the second cycle and decreased dramatically. The results also showed that different 
substrates had different effects on cellulase yields, and for in each cycle, the yields of cellulase with 
crystalline cellulose as substrates were much higher than the system with pretreated rice husk as substrates.  
In a batch process, a typical fermentation cycles comprised of a growth phase followed by a 
production phase and finally a production stop phase [10], and the recycling of microorganism might be 
beneficial for reducing fermentation time and improving productivity. The results in the study showed that 
fungus immobilized in the PUF was successively reused to produce cellulase after feeding fresh substrates, 
however further investigation of the process was still needed as the maximum FPA production in the 
following batches was less than that in the first batch fermentation.  
Fig. 4 FPA (a) and CMCase (b) in semi-continuous solid state fermentation for cellulase production.  
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4. Conclusion 
PUF had been successful applied in SSF as inert support impregnated with liquid medium [6-8, 10-
12], and in this work, the application of PUF also appeared superior to the SSF without any inert support. 
PUF offers multiple benefits in the fermentation (1) it improved productivity of SSF process, which may 
result from benefiting the heat and oxygen transfer in solid matrix; (2) it provides surface support for 
adsorption of the fungi; (3) the fungi adsorbed on PUF gives a possibility to be reused in successive cycles 
of fermentation. [10] The semi-continuous SSF process has promising applications for the production of 
bioactive compounds, enzymes and other biochemicals from agriculture wastes.
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